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[57] ABSTRACT 

A reduction of the redundancy due to the use of the 
convolutional codes as the eiror^eorrection . codes is 
achieved by a convolutional^? encoding at an identical 
encoding rate and a puncture process using different 
puncture rates for cpfereiit classes of the input signals 
classified by the error sensitivity of each bit, A reduc- 
tion of the decoding delay time without deteriorating 
the decoding error rate^is achieved by updating the 
survivor path by remaining bits of the selected survivor 
path for each state other than the oldest bit and an addi- 
tional bit indicative of the each state to which a transi- 
tion is made at the present stage of decoding. A reduc- 
tion of a circuit size of a Viterbi decoder is achieved by 
using a single RAM for memorizmg a path metric and a 
survivor path for each state at an immediately previous 
stage of decoding together in each word of the memory 
capacity. A reduction of the decoding.erTor rate for the 
data block encoded by the convolutidnai encoding is 
achieved by using the (i-f N+j) bits of decoder input 
signals containing entire N bits of the received signals, 
preceded by last i bits of the received signals and fol- 
lowed by first j bits of the received signals. 

20 Claims, 17 Drawing Sheets 
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METHOD AND APPARAITJS FOR ENCODING S^^SS'^'ef '^'"'"^ 

AND DECODING CONVOLUTIONAL CODES For the error correction codes for the speech signals, 

« A^T^A-T^^TT^^ ™ «™ convoiutional codes have been used because it is 

BACKGROUND OF THE INVEimON 5 possible to realize the very powerful errorl^l^tion 

1. Field of the Invention function by carrying out the maximum likelihood de- 
The present invention relates to an OTor correction in codmg such as Viterbi decoding. For example, in the 

encoding of convoiutional codes and a decoding of ^^^^ correction method adopted for the digital cellular 

convoiutional codes using a Viterbi decoder for cor- system in the United States, the ^ mlutLonakcodes 

recting errors in a digital data communication system. having the encoding ratg^S^J^^^l^e usS foraJlSrai^ 

2. Description of the Background Art ity of bits (called the class 1 bits) having a high error 
In recent years, in a communication system for trans- sensitivity among the compressed digital speech signals. 

mitting speech signals such as an automobile telephone ^ this method, the error correction codes are not used 

or a portable telephone, the direction of the progress for the bits having a low error sensitivity. In this 

has been pointed toward the realization of a low bit rate n^ethodjifthe digital speech signals are to be encoded at 

implementation in which the speech signals are com- the lowcE^tii^ the absolute value of the error sensi- 

pressed by using high efficiency encoding, in order to tivity of each bit will becomgjhigher. so that there is 

increase the mmibcr of channels in the available band- going to be a need for providing some kind of error 

width. correction codes even for the bits having a relatively 

In such a low bit rate implementation, the error sensi- lower error sensitivity ampng|the encoded speech sig- 

tivity of each bit of the speech signal becomes greater, nals. - — ^ 

so. that there is a need for protecting the speech signal Now, for the speech signals in which the data to be 

from communication path error by using error correc- encoded are inputted into th e convoiutional encod er in 

tion codes. Here, the error sensitivity indicates an extent ^5 ggits of block s, it is preferable to have a treuS of the 

to which the quality of the reproduced signal is deterio- convoiutional codes terminating for each block. To this 

rated by the error of each bit, which is different for each end, in order to realize the treUis whose start and end 

bit in the speech signal. In order to utilize the frequency are merging into a particular state, there is a need to / 

bandwidth efficientiy, it is preferable to set the error start the en^^g in a state in which all the shift regis- ^ 

correction power of the error correction codes accord- 3Q ters of the encoder are cleared, and to carry out the 

mg to the error sensitivity of each bit. encoding by attaching m bits of all zero tail bits behind 

To this end, in the conventional error correction the data bits, where m is the memory length of the 

method, the speech signals are classified into a pluraUty encoder, Le., a number of shift registers in the encoder 

of classes according to their error sensitivities, and then The encoding is finished when all of the tail^bits are 

encoded by using the error correction codes with differ- 35 enteredfin^tre^encoder. Here, when the eneoding^rate 

cnt encoding rates for different classes. of the convoiutional codes is r and a number^f data bits 

A conventional apparatus for realizing such a con- is K, the data after the encoding have a length equal to 

vcntional error correction encoding has a configuration (K-l-m)/r bits, and the effective encoding rate becomes 

as shown m FIG. 1, m which the speech signals 7 en- rxK/(K+m) which is smaller than r. — 

tcred from an input terminal 1 are suppUed to a speech 40 For example, when r=i. K=50, and m=6, the data 

encoder 2. The speech encoder 2 compresses the speech after the encoding have the length equal to 1 12 bits, so 

signals 7, classifies them mto a bit sequence 8 having a that the effective encoding rate becomes 50/1 12 which 

high error sensitivity for which the deterioration of the is smaller than the encoding rate i of the convoiutional 

speech quality due to the error is large, and a bit se- codes. As such, the effective encoding rate becomes 

quence 9 havmg a low error sensitivity for which the 45 smaUer than the encoding rate of 'the error correction 

detenoration of the speech quahty due to the error is codes in a case of the convoiutional encoding of the 

smaU, and supplies these bit sequences 8 and 9 to error data block, especially when the block length K is short 

correction code encoders 3 and 4, respectively, which As a result, m such a case, the redundancy becomes 

are provided m correspondence to these two classes. larger and the frequency bandwidth utilization effi- 

The error correction code encoder 3 encodes the bit 50 ciency becomes lower, 

sequence 8 having a high error sensitivity by using error Because of such a property of the convoiutional 

correction codes having a first encoding rate n, while codes, when the convoiutional codes are used as the 

the error correction code encoder 4 encodes the bit error correction codes in the conventional apparatus 

sequence 9 havmg a low error sensitivity by using error such as that shown in FIG. 1, there arises the problem 

correction codes having a second encoding rate r^ 55 that the redundancy required for termmating the trellis 

which is larger than the first encoding rate n. In gen- becomes large as the convoiutional en^ding?isr|§&^T? 

eral, the error correction power can be made higher for be appUed to twroiofcthe^ta-blocks'havmg'small't>l6&k 

the sman^ encoding rate. lengths independently. As a consequence, in a system 

Encoded signal sequences 10 and 11 outputted from for which the available frequency bandwidth is limited, 

the error correction code encoders 3 and 4, respec- 60 in order to compensate this large redundancy either the 

tively, arc combined into a single signal sequence 12 at encoding rate-of-the~convolutional codes niust be in- 

a switch 5, and outputted to an output terminal 6. creased or tiie number of bits in the speech signal must 

In this conventional apparatus, the bit sequence 8 be made smaUer, but the quaHty of the decoded speech 

havmg a high error sensitivity can be protected better signal is deteriorated in either case, 

than the bit sequence 9 having a low error sensitivity 65 Moreover, when the classification of the speech sie- 

because the encoding rate r i used for the bit sequence 8 nals according to the error sensitivity is made, the block 

is set to be smaUer than the encoding rate tz used for the length becomes shorter and the number of blocks be 

bit sequence 9. The frequency bandwidth can be uti- comes greater, so that the redundancy becomes even 
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larger, and the firequency bandwidth utflization effi- 
ciency becomes even lower. stale s<yHt-i)-o, i{t-2)=o 

Thus, in order to utilize the frequency bandwidth 

efficiently, it is preferable to carry out the error correc- A'- Ht-2)= i 

tion encoding ofthe digital speech signals by dasafying 5 state ir _n-i ir_m-n 

the speech signals according to the error sensitivi^ of ^ '~ ^' '~ 

each bit and then encoding these classes separately by 5^,, sy J{i-i)- 1, Ht-2)= 1 
using the error correction codes having diiTerent encod- 

ing rates. However, when the convolutional codes are xhe encoded data Co and Ci is uniquely detennined 

used for the error correction codes, the redundancy 10 the present state and the data I to be entered next, 

required for tenni^ting the trelhs miBt be provided for and at the same time the nert state to make a transition 

each encoder, so that the frequency bandwidth utdiza- the present state is also determined, 

tion efficiency B rather lowere^ Moreov«. m the sys- aU the possible state transitions are summarized in a 

frequency bandwidUi B ^Uitt transition diagram shown in FIO. 3, where each 

hmrted. tiaere m a need to lower ti^e encoding rate of tte 15 transition is indicaSd by an arrow betwe;n two states 

oonvoluton^codesortomakethenumberofbitemthe accompanying by the input data I and the output data 

speech signals smaUer m order ^ compensate this re- Coand C, wMch caused that transition, in a format of 

sl^^det^S^L?" ^ (^^C')- «^Pl^ « present 

l^w.theconvolutionalcodesandtheViterbidecod. 20 

^l V J :i_ J • t J ^ ., tion to the state S2 is made, and the output data (Cm. 

mg will be descnbed in further detail. q. jj^g outputted 

The convolutional code is a ^e of an error correc- Vhese'state transitions can also be represented in a 
tion code which b widely used ma commumcation „f ^^e Uellis diagram shown in Fia4. where each 

system such as a s«telhte broadcastmg system and a „f ,i„^ ^ ^ 

mobile commumcation system, because a lughencoA^^ " t^^l, ^ 3 ^ of iWte^itions jomed by the 

^.^.ll^o^'S Ae ^^te*flfe^SS ""^ " is called a patL AS in the state {ransition Z 

co^unctionwiUi the Viteibi dccodmg. gram of FIO. 3, each branch is accompanying by the 

The Viteibidecochng is a decoding data encod^^ mput data I and the output data Co and Qwh^Jused 

by the convolution^ encodi^ or the block encodmg, ^j^^ transition, in a foriat of CUC0.C1). 
wk|ch enable the efficient soft deciaon decodmg. ^ -n,^ viterbi decoder estimates &e date series with the 

The convolutional encoder usuaDy include m shrft 13^^^^ ^^^^ .^^es having the maxim^ 

registers (m is an mteger) m which case it b said to have correlation with the received signals) at a high probabil- 

^^'"ff f°!^ ^"f 1° f.^ this convolutional en- ^ ^ ^ 8 P 

coder, the stored contents of these shift registers at each ^t«««» o «^ ^«^i,Vu„ i. ^ 

state ^ coUectivelv referred to as a statJand the «;tatP 35 ^ plurahty of paths by which the transition 

stote are coUectively retcrred to as a state, and the state ^^^^ ^ ^ realized, for every state that can be 

of the nex^ stage and ^vo bit output Qo and are ^^^^^ ^ ^he encoder, af each d^g timing, and 

^™t;rdi^^ t^^^^^ :t ^"'^ r ^rfed^ ^^^V 

Buu uiv unjuw WW «v» I, . . . /. tjje selected survivor path back for a predetermined 

A conventional convolutional «icoder for carrymg i«.gth. For the convolutional encoding x^th the encod- 
out the convoUMional encoding with the e«x,dmg rate « ^ ,^ numbef of shift registers 

shown m FIG. 2. In this configuration of FIG. 2. a stoft 1 . and the number of states is equJ to 2-". 

re^r 22 memorizes the mput date for tiie mmiedi- The conventional Viterbi decoder has a configura- 

f?^y^^^°^^,'^^J^ tj„„ 33 5 conventional 

the iffipUtfdat3ifGS[the*two^times«preYiousistage. Thus, j„^j„«rt?Tr^ e <• • i "r^"* 

when flie input data I(t) is entered from aniput tenS fTli;^ signals roand r,. 

nal 21, the Aift regist^ 22 stores the date I(t- 1) and ^Ln^.r^^ data Qs^d C, of the con- 

the shift register 23 stores the date I(t-2). voluUond encoder, for which a soft decuaon or a hard 

An exclave OR circuit (referred hereafter as an , f^°^J^ T,i • "l,^^' 
adder) 24 obteins an exclusive OR of the input daUi I(t) ^ ^P"* terminal 31. TTiese received signals ro and r, are 

and the output date I(t-2) of the shift register 23. while ^f? '"PP^ *° * memc calculation circuit 32. 

an adder 25 obteins flie exclusive OR of Ae input data T'^'^ 'f^'^f value caUed a branch metnc mdicat- 

I(t). the output data I(t- 1) of the shift register 22. and ""^ the litehhood of each branch m the frellis diagram 

the output date I(t-2) of the shift regist«23. °^]^°:* correlatoon of «ich branch with the re- 

The output of the adder 24 is outputted from an out- » ^«ved signals), for each of the branches 101 to 108. This 

put terminal 26 as an encoded date Q)(t), while the P™nch metnc is usually given ma form of a real number 

output of the adder 25 is outputted from an output ter- * range of - 1 to 1. Her^ the higher encoding gain 

minal 27 as an encoded date Cj(t). *^ achieved by usmg the soft dedsion for the re- 

Thus. the encoded date Co(t) and Ci(t) can he ex- ceived signals roand n. 

pressed as follows. branch metncs calculated by the branch metric 

calculation circuit 32 are then supplied to an ACS 

C«0=i(0+/('-2) (mod 2) (I) (Add-Compare-Select) circuit 33. The ACS circuit 33 

calculates a value called a path metric which is given by 

Ci(<)-A')-i-^'-i)+A'-2) (nod 2) (2) a cumulative total of the branch metrics in each path. 

65 and selects the nnnrimnrp likelihood path among the 

The shift registeis 22 and 23 can take one of the fol- paths by which the transition to each stote can be made, 

lowing four stetes So to S3 according to their stored for each of the stetes Soto S3. For example, in order to 

contents. select the maximum likehhood path by whidh the transi- 



03/08/2004, EAST Version: 1.4.1 



5,416,787 

5 6 

tion to the state So can be made at the (t- l>th stage in data reliability can be improved. However, the decod- 

the trelbs dia^ shown in FIG. 4, the ACS circuit 33 ing delay time of the decoder is given by (truncation 

compares a value obtamed by adding the path metric of length + constraint length - 1) so that the longer tnmca- 

the state So at the (t-2)-th stage and the branch metric tion length also makes the delay time longer 
of the branch 101 with a value obtained by adding the 5 In other words, the smallness of the decoding error 

path metric of the state Si at the (t-2>th stage and the rate and the shortness of the delay time are mutuaUy 

branch metnc of the branch 103, and selects the path conflicting so that they cannot be satisfied simulta- 

corresponding to the larger (or smaller) one of these neously. 

.1. ' ^ . . Now, the path memory 35 is required to have a ca- 

llic 2« path mctncs for all of the survivor paths at 10 padty to store 2"* words X (truncation length) bits so 

the previous stage used m this calculation of the path that for the codes using the memory length m equ^ to 

metric at the ACS curcmt 33 are stored in a path metric 6 G-e., the constraint length equal to 7), setting the trun- 

memory 34 and read out to the ACS cbrcuit 33, and the cation length to be four times as long as the constraint 

path metncs stored m the path metric memory 34 are length O-e., equal to 28), the path memory 35 is required 

updated whenever new path metrics are obtained at the 15 to have a capacity of 64 wordsX28 bits= 1,792 bits. 

V^* . ^ ^ implement the Viterbi decoded on a single 

Also, aU the survivor paths at the previous stage are LSI chip, the path memory 35 can be constructed from 

stored m a path memory 35, and in a case of the example a RAM or a register. When the register is used for the 

descnbed above, the survivor paths for the states So and path memory, it becomes possible to achieve the high 

Si at the (t-2)-th stage arc read out to the ACS circuit 20 speed processing but the circuit size becomes large so 

33, m order to make the selection of the maximum hkeb- that the RAM is usually used unless the high ^eed 

^^^^ioc • 1^ ^. . . processing is necessary. For example, in a case of con- 
The ACS circuit 33 outputs an oldest bit m each structing the path memory of 64 words X 28 bits capac- 
selected survivor path to an output signal generation ity from the internal RAM of the gate array 10 050 
curcuit 36, while writing the remaining bits of each 25 gates are necessary, whereas when the same path mem- 
selected survivor path along with one bit determined by ory is constructed from the register (7 gates), 12,544 
the transition into the path memory 35, so as to update gates are necessary. 

the survivor paths stored in the path memory 35. Here, Also, the path metric memory 34 is required to have 

the one bit to be added to the remaining bits of the a capacity to store 2'" words X (a number of digits of 

survivor path indicates from which one of the two 30 path metric) bits, so that for the codes using the memory 

stotes the transition has been made. For example, in a Icngtii m equal to 6 (Le., the constraint length equal to 

case of the example described above, when the survivor 7), setting the digits of the path metric to be eight, the 

path for the state So at the (t - l)-th stage is obtained by path metric memory 34 is required to have a capacity of 

the transition from the state Soat the (t-2).tii stage, the 64 wordsX8 bits=512 bits. As in the case of the path 

one bit to be added will be "0", whereas when the survi- 35 memory 35 described above, the path metric memory 

vor patii for the state So at the (t- l)-th stage is obtained 34 must be constructed from a register in a case the high 

by the transition from the stote Si at the (t-2)-th stage, speed processing is necessary, but otherwise it may be 

the one bit to be added will be "1". constructed from the internal RAM of the LSI. Here, 

The output signal generation circuit 36 determines however, because the capacity of the path metric mem- 
one bit output signal from 2^ of the oldest bits of the 40 ory 34 is not so large, so that when the RAM is used for 
selected survivor paths. The obtained one bit output the path metric memory 34, the sizes of the address 
signal is then outputted to an output terminal 37 as the decoder, input buffer, and output buffer are not negligi- 
decoded signal. ble, and there is even a case in which the circuit size can 

Now, an the survivor paths are going to merge into be reduced by using the register for the path metric 
one path when the trellis diagram is traced backwards 45 memory 34. For example, the RAM of 64 words X 8 bits 
for sufficient length. The merged path is theoretically requires 4,182 gates, whereas the register of the same 
guaranteed to be the maximum likelihood path, but in capacity requires only 3,584 gates, 
practice, in order to keep the circuit size and the delay Thus, when tiie path memory 35 is constructed from 
time to practicaUy reasonable values, it is preferable to the RAM having 10,050 gates and the path metric mem- 
use a truncation length (a length of the survivor path 50 ory 34 is constructed from the register having 3 584 
memorized in the path memory 35) which is as smaU as gates, the total of tiie path memory 35 and the path 
possible within a range in which the deterioration of the metric memory 34 requires 13,634 gates, so that a con- 
error rate can be suppressed. UsuaUy, in order for the siderable portion of the LSI must be allocated for these 
survivor paths to merge at a high probabihty, the trun- memories. 

cation length is required to have a length which is four 55 In addition, the number of words in Uie memory 

to five times as large as the constraint length v. increases exponentially with respect to the memory 

When all the survivor paths are merging, all of 2" of lengtii m of the encoder, so that the circuit size required 
the oldest bits of the selected survivor paths arc equal to for these memories becomes even larger for the codes 
the same value, and this value can be taken for the one using the longer memory length, 
bit output signal, but in a case aU of these 2'" oldest bits 60 Thus, in the conventional Viterbi decoder, the error 
are not identical, a determination of the one bit output correction power can be made greater by using the 
signal is made by using an appropriate determination longer memory length, but the complexity of the de- 
procedure such as a selection of the majority among 2" coder increases exponentially with respect to the mem- 
bits, or a selection of the bit corresponding to the larger ory length. For this reason, it has been considered desir- 
path metoic. 65 able to make the size of each component circuit in the 

In such a conventional Viterbi decoder, the decoding Viterbi decoder as small as possible. In particular in 

error rate can be made smaller for the longer the survi- order to implement the Viterbi decoder on a single LSI 

vor path, Le.. the longer truncation length, such that tiie chip, it has been considered desirable to realize the path 
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memory and the path metric memory which arc re- encoding capable of reducing the redundancy due to 

quired to store a large amount of data in a small size. the use of the oonvoiutional codes as the error correc- 

Now, in a system in which the data are outputted in tton codes, 

units of blocks such as packets, the trelHs must be termi- It is another object of the present invention to pro- 

nated for each block. Namely, in such a system, it is 5 vide a method and an apparatus of Viterbi decoding 

preferable to carry out the encoding such that the start capable of reducing the decoding delay time without 

and the end of the trellis become a particular state. deteriorating the decoding error rate. 

One method of encoding in which the trdlis can be It is another object of the present invention to pro- 
terminated is to set the start and the end of the trellis to vide a Viterbi decoder with a reduced circuit size, 
the particular state in advance, as shown in FIG. 6 in 10 It is another object of the present invention to pro- 
which the start and the end of the trellis is set to the vide a decoder of convolutional codes capable of reduc- 
state So In this case, the encoding starts &om the state ing the decoding error rate for the data block encoded 
in which all the shift registers of the encoder are by the convolutional encoding, 
cleared, and the data are entered into the encoder with According to one aspect of the present invention 
the m bits of all zero tail bits attached at the end. When 15 there is provided an apparatus for error correction en- 
the number of data bits is K and the encoding rate is I, coding using convolutional codes, comprising: means 
the length of the encoded data is going to be 2(K.+m) for classifying input signals containing a plurality of bits 
bits, and the effective encoding rate is going to be into a plurality of classes according to an error sensitiv- 
K/{2(K+m)}. In particular, when K is large and m is ity of each bit; encoder means for applying a convolu- 
small, the redundancy is going to be greater than twice, 20 tional encoding to the input signals classified into said 
and there is a problem that the transmission frequency plurality of classes, u^g an identical encoding rate for 
bandwidth extension rate is going to be increased. In a all the classes, to obtain encoded signals; and puncture 
system having a limited frequency bandwidth extension means for carrying out a puncture process for punctur- 
rate, there arises a need to apply the puncture process to ing selected bits of the encoded signals, using different 
the particular bits in the encoded data, and this in turn 25 puncture rates for the encoded signals corresponding to 
deteriorates the error rate of the decoded data. different ones of said plurality of classes, to obtain error 

In order to cope with these problems, there is an correction encoded output signals in which different 

encoding method in which the encoding is started at the classes of the input signals are encoded at different 

state in which the first m bits of the data are already encoding rates accordmg to the error sensitivity of each 

inputted into the shift registers of the encoder, and after 30 bit 

the remaining (K— m) bits of the data are inputted into According to another aspect of the present invention 

the encoder, the first m bits of the data are inputted into there is provided a Viterbi decoder for decoding convo- 

the encoder again. lutional codes encoded by a convolutional encoder, 

For example, the trellis diagram shown in FIG. 7 comprising: branch metric calculation means for calcu- 

indicates the case in which the first two bits of the data 3S lating a branch metric for each state at a present stage of 

are 1 and 0. The initial state in this case is Si, and the decoding; path metric memory means for memorizing a 

final state is also going to be S]. In this encoding path metric for each state at an immediately previous 

method, 2K bits of the encoded data are outputted with stage of decoding; path memory means for memorizing 

respect to the input of K bits of the data, so that the a survivor path for each state at the immediately previ- 

encoding rate is going to be exactly and there is no 40 ous stage of decoding; ACS circuit means for selecting 

need to apply the puncture process even when the fi-e- a survivor path for each state at the present stage of 

quency bandwidth extension rate is limited to be up to decoding, by calculating the path metric for each state 

twice. at the present stage of decoding from the branch metric 

The Viterbi decoding is actually carried out for a case calculated by the branch metric calculation means, the 

of FIG. 6 and for a case of FIG. 7 as follows. 45 path metric memorized in the path metric memory 

In a case of FIG. 6 in which the initial and final states means, and the survivor path memorized in the path 

are predetermined to be So, the initial and final states are memory means, the ACS circuit means outputs an old- 

also known in advance on the decoder side, so that est bit of the selected survivor path for each stage at the 

there is a need to control the decoding such that the present stage of decoding, and updates the survivor 

paths starting from the states other than So and the paths 50 path memorized in the path memory by remaining bits 

ending at the states other than So are not going to be of the selected survivor path for each state at the pres- 

selected as the survivor paths. ent stage of decoding other than the oldest bit to be 

On the other hand, in a case of FIG. 7 in which the outputted and an additional bit indicative of said each 

initial and final states are determined according to the state to which a transition is made at the present stage of 

first m bits of the data, the initial and final states are 55 decoding; and output generation means for determining 

unknown on the decoder side. For this reason, there is a decoded output according to the oldest bit of the 

a need to start the decoding fiom a state in which the selected survivor path for each state &t the present 

path metrics of all the states at the 0-th stage are equal stage of decoding ou^utted from the ACS circuit 

to each other, and it is also not possible to forcefully means. 

terminate the end of the decoding to the particular state. 60 According to another aspect of the present invention 

For these reasons, in a case of FIG. 7, there is a problem there is provided a Viterbi decoder for decoding convo- 

that the average error rate of the decoded data is deteri- lutional codes encoded by a convolutional encoder, 

orated because of the uncertainty of the initial and final comprising: branch metric calculation means for calcu- 

states. lating a branch metric for each state at a present stage of 

SUMMARY OF THE INVENTION ^ h^n^l'™'^^J°f^ ^7^^ ''^h "s.^ ^In^ 

havmg a memory capacity of Z'" words X(L-f-N) bits, 

It is therefore an object of the present invention to where m is a memory length of the convolutional en- 
provide a method and an apparatus of error correction coder, L is a truncation length for each survivor path 
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used in the Viterbi decoder, and N is a number of bits data memorized at the step (a) by using the likelihood 

used for expressmg each path metric, for memori2dng a for each state to be the initial state calculated at the step 

path metric and a survivor path for . each state at an (b), by a Viterbi decoder. 

immediately previous stage of decoding together in According to another aspect of the present invention 
each word of the memory capacity; ACS circuit means 5 there is provided an apparatus for decoding data en- 
for selecting a survivor path for each state at the present coded by a convolutional encoder capable of taking M 
stage, of decoding, by calculating the path metric for states; comprising: Viterbi decodmg means for decod- 
each state at the present stage of decoding from the ing the data more than once with more than one differ- 
branch metric calculated by the branch metric calcula- ent settings of an initial state of a trellis to be different 
tion means, and the path metric and the survivor path 10 one of the M states of the convolutional encoder, to 
memorized m the memory means, the ACS circuit obtain a plurality of decoded outputs; and output de'ter- 
means outputs an oldest bit of the selected survivor path mining means for selecting one of said plurality of de- 
fer each stage at the present stage of decoding; and coded outputs of the Viterbi decoding unit, 
output generation means for determining a decoded Other features and advantages of the present inven- 
output according to the oldest bit of the selected survi- 15 tion will become apparent from the following descrip- 
vor path for each state at the present stage of decoding tion taken in conjunction with the accompanying draw- 
outputted from the ACS circuit ings. 

According to another aspect of the present invention 

there is provided a communication system for transmit- BRIEF DESCRIPTION OF THE DRAWINGS 

ting data block containing K bits encoded by convolu- 20 HG. 1 is a schematic block diagram of a conventional 

tional codes, comprising: a convolutional encoder for apparatus for carrying out the convolutional encoding 

applying a convolutional encoding to the data block, in of the convolutional codes as the error correction 

which the convolutional encoding starts from a state in codes. 

which first m bits of the data block are entered in the FIG. 2 is a schematic block diagram of a conventional 

convolutional encoder, and the convolutional encoding 25 convolutional encoder. 

of remaining (K-m) bits of the data block are followed FIG. 3 is a state transition diagram for the states in the 

by the convolutional encoding of the first m bits of the convolutional encoder of FIG. 2. 

data block, to obtain encoded signals containing N bits; FIG. 4 is a trellis diagram for the states in the convo- 

memory means for memorizing the N bits of the en- lutional encoder of FIG. 2. 

coded signals (Ra Ri, . . . , Rjv-i)» and outputting de- 30 FIG. 5 is a schematic block diagram of a conventional 

coder input signals containing (i-H N -f j) bits arranged m Viterbi decoder. 

an order of (RN-i+himod N), R/ir-/+A+i(morf AO* • * • » FIG. 6 is a trellis diagram for one conventional de- 

R7V-i+A<mod N); Rh(mod JV), RA+i(marf JV> .* • • , coding method using the predetermined initial and final 

R7V-l+A(«orf iV); RA(moJ N)» RA4-l(morf 7V> • • • , States, 

RA+;_i(morf JV))' where i is a positive integer, j is a non- 35 FIG. 7 is a trellis diagram for another conventional 

negative integer, and h is a positive integer and a decoding method in which the initial and final states are 

Viterbi decoder for decoding the O+N-f j) bits of the determined according to first m bits of the daU, 

decoder input signals in said order in which the decoder FIG. 8 is a schematic block diagram of an apparatus 

input signals are outputted From the memory means. for carrying out one embodiment of a method of encod- 

According to another aspect of the present invention 40 ing the convolutional codes according to the present 

there is provided a method of transmitting data block invention. 

containing K bits encoded by convolutional codes, FIG. 9 is a diagram for explaining the puncture pro- 
comprising the steps of: (a) applying the convolutional cess to be applied in the method of encoding carried out 
encoding to the data block, in which the convolutional by the apparatus of FIG. 8. 

encoding starts from a state in which first m bits of the 45 FIG. 10 is a graph of an error rate for each bit after 

data block are entered in a convolutional encoder, and decoding versus bit position in speech signal, for show- 

the convolutional encoding of remaining (K-m) bits of ing the effect of the method of encoding carried out by 

the data block are followed by the convolutional encod- the apparatus of FIG. 8. 

ing of the first m bits of the data block, to obtain en- FIG. 11 is a schematic block diagram of a first em- 
coded signals containing N bits; (b) memorizing the N 50 bodiment of a Viterbi decoder according to the present 
bits of the encoded signals (Ro, Ri, . . . , Riv_i), and invention. 

outputting decoder input signals containing C+N+j) HG. 12 is a schematic trellis diagram for explaining 

bits arranged in an order of (^N~i-^k[mod N)» theoperationoftheViterbidecoderofFIG.il. 

RiV_£+A+i(ff,orf iso» • - • I R/v-i+A<moe/ JV); Khfjnod N), FIG. 13 is a schematic block diagram of a second 

Ra+ Urnod TV). ... , RiV- 1 +k(mod N); Rh^modN)t Ra+ i(mod 55 embodiment of a Viterbi decoder according to the pres- 

N) Rh-\-j~ i(mod N))* where i is a positive integer, j is ent invention. 

a non-negative integer, and h is a positive integei^ and HG. U is a detailed block diagram of an exemplary 

(c) decoding the (i-|-N+j) bits of the decoder input configuration for a path and path metric memory in the 

signals in said order in which the decoder input signals Viterbi decoder of FIG. 13. 

are outputted, by a Viterbi decoder. 60 HG. 15 is a timing chart for an operation of the path 

According to another aspect of the present invention and path metric memory in the Viterbi decoder of HG. 

there is provided a method of decoding data encoded by 13. 

a convolutional encoder having a memory length equal HG. 16 is a schematic block diagram of a first em- 

to m and capable of taking 2" states; comprising the bodiment of a communication system for encoding and 

steps of: (a) memorizing the data; (b) calculating a likeli- 65 decoding the convolutional codes according to the 

hood for each of the 2'" states of the convolutional present invention. 

encoder to be an initial state, from at least a part of the HG. 17 is a schematic block diagram of a second 

data memorized at the step (a); and (c) decoding the embodiment of a communication system for encoding 
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and decoding the convolutional codes according to the bits of the class 2 digital speech signals 50 is K2= 30, the 

present invention. memory length of the error correction encoder 44 is 

FIG. 18 is a graph of a decoding error rate versus m=6, the first encoding rate is ri=§, and the second 

Eb/No for showing the effect of the communication encoding rate is r2=>, a number of bits of the final 

system of FIG. 16. 5 output signals 53 after the error correction encoding 

FIG. 19 is a schematic block diagram of a communi- will be 30 X (3/2) +(30+ 6) x (4/3) =93 bits. On the 

cation system incorporating a first embodiment of a other hand, in a conventional error correction method 

decoding apparatus for decoding the convohitional using the different encoding rates for different classes of 

codes according to the present invention. the speech signals separately, a number of bits of the 

FIG. 20 IS a schematic block diagram of a second 10 output signals after the error correction encoding will 

embodiment of a decodmg apparatus for decoding the be (30+6)x(3/2)+(30+Qx(4/3)=lQ2 bits, for the 

convoluGonal codes according to the present invention. game conditions as specified above. Thus, according to 

HG. 21 IS a schematic block diagram of a third em- ^his embodiment, the redundancy in the eiror corvee 

bodmient of a decodmg apparatus for decodmg the ^on encoded speech signals can be made smaUcr com- 

convoluuonal codes accordmg to the present mvention. 15 p^^ed with the conventional error correction method 

DETAILED DESCRIPTIGN OF THE ^^^^ same encoding rates are used. 

PREFERRED EMBODIMENTS error rates for all the bits of the speech signals 

Paf*»rrt«» t« PTTn ft ^K/^H^«o«t «f o« dccoding for the error correction encoded 

Referrmg now to FIG. 8, one embodiment of an ^^j^ ^^^^ ^ ^ embodiment are shown 

encoding oftheconvoluuonalcodes^^^ 20 graph of HG. 10, which is obtained by us^gZ 

Uon codes for the speech signals accordmg to the pres- ^.^.^^Z.^ ^ ^u* £ rTT i ^ J? . , 

ent invention will be desc^eTin detail. ^tTJ^ f lo -^^o^ ^'"^ u 

In this embodiment, an apparatus for carrying out the signals 49 is K i =62, a number of bits of the class 

error correction encoding his a configuration shown in ^ ^^^^ ^r^A^^ meniory length 

FIG. 8, which comprises: an input tenninal 41 for re- 25 correction encoder 44^ m=6 the first 

ceiving the speech signals 48; a speech encoder 42 for ^^^^ing rate n is approximately 0.54, and the second 

applying a compression encoding to the speech signals ^"j^^^ ^PP'<»™«^y ^ J^' As can be seen in 

48 and classifying them into two classes of digital the error rates for the class 1 digital speech 

speech signals including Ki bits of class 1 digital speech 49 are m a vicinity of 0.003, whereas the error 

signals 49 {li, I2, . . . , Ui} having a high error sensitiv- 30 ^tcs for tiic class 2 di^ speech signals 50 are in a 

ity and K2 bits of class 2 digital speech signals 50 ^^*y ^'h ^ ^^^^ ^ ^ difference in the 

{I/ri+i, Ia:i+2, . . . , Ijn+ja} havbga low error sensitiv- ^^^"^ correction power among the biU having different 

ity, a switch 43 for producing an ordered sequence of error s^sitivities. 

Ki +K2 bits of continuous digital speech signals 51 {li, ^ ^he relatively low error rates for the first 
I2, . . . , I/ri. Ijci + 1. Ia:i+2, . . . , Ijn-f in} from the class 35 ^nd the last few bits are due to the fact that the 
1 digital speech signals 49 and the class 2 digital speech ^^art and the end of the trellis are terminated to the 
signals 50; an error correction encoder 44 with a mem- particular state. Also, at the border of the class 1 bits 
ory length equal to m, for applying a convolutional ^ ^^^s, the error rates change gradually 
encoding to the continuous digital speech signals 51 because the Viterbi decoder to be used in decoding 
with m bits of predetermined tail bits added at the end 40 speech signals carries out the Viterbi decoding in 
at a constant encoding rate; a puncture circuit 45 for which the decoded bit is determmed by going back to 
applying a puncture process to be described below to predetermined truncation length (equal 
the output of the error correction encoder 44; a punc- ^o 60 bits in this case) according to the cumulative likeli- 
ture bit control circuit 46 for controlling positions of ^006. index called the path metrics which are graduaDy 
bits to be punctured by the pimcture circuit 45 in the 45 updated in the course of the decoding. Due to this prop- 
puncture process; and an output terminal 47 for output- of the Viterbi decoder, the use of the discretely 
ting the punctured final output signals 53. different puncture rates for the different classes of the 

The error correction encoder 44 outputs the 2 bit speech signals in this embodiment does not cause the 

output signals C/,o and C/j with respect to every input abrupt change in the decodmg error rates, 

signal I;, where j= 1, 2, • • • , Kj +K2+m and ly=0 for 50 It is to be noted that the above described embodiment 

j^Ki+K2+ 1. fee modified by using the classification with more 

Under the control of the puncture bit control circuit ftan three classes among the speech signals, instead of 

46, the puncture circuit 45 punctures such 2 bit output j^t two classes as in the above. The redundancy can be 

signals Cj,o and Cj\i of the error correction encoder 44 in iniproved more by using more classes. Here, in a case of 

a puncture pattern shown in FIG. 9, where a bit position 55 using the classification with more than three classes, the 

labelled "x" is punctured while a bit position labelled differences in the enrpj rates after the decoding among 

is not punctured, such that the final encoding rate the different classes can be provided more effectively 

for the fin^ output signals 53 corresponding to the class by arranging the classes of the speech^signals in either 

1 digital speech signals 49 is the first encoding rate an ascending order or a descending order of the error 

ri=§> whereas the final encoding rate for the final out- 60 sensitivities of these classes of the speech signals, such 

put signals 53 corresponding to the class 2 digital speech that th e pjuncture rates used in encoding the Idiffw^t 

signals 50 is the second encoding rate r2=182 . Thus, classes either increases or decreases monotonically;^ 

the puncture rates is changed at a border between the This is basically due to the above described fact that the 

class 1 digital speech signals 49 and the class 2 digital use of the discretely different puncture'^rates for the 

speech signals 50 in the ordered sequence produced at 65 different classes of the speech signals in this embodi- 

the switch 43. ment does not cause the abrupt change in the^decoding^ 

In this embodiment, when a number of bits of the error rates, so that bits m a vicinity of the border be- 

class 1 digital speech signals 49 is Ki=30, a number of twecn two different classes are affected by the puncture 
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rates:used^for the^jg geiit cl ass. For this reason, it is bit output signal, but in a case all of these 2" oldest bits 

preferable to change the pun^turerate^monotonically. are not identical, a detennination of the one bit output 
It b also to be noted that any puncture pattern other signal is made by using an appropriate detennination 
than that shown in FIG. 9 may be utilized according to procedure such as a selection of the majority among 2^ 
the need. In particular, the final encoding rates such as 5 bits, or a selection of the bit corresponding to the larger 
J or i can be realized by modifying the embodiment path metric. 

described above in such a manner that the encoding rate The path metrics at the previous stage stored in the 
of the error correction encoder 44 is set to be lower path metric memory «4 are read out from the path met- 

(such as .} for example), and some of the the output ric memory 64 to the modified ACS circuit 63 at each 

signal sequences arc deleted entirely in the puncture 10 stage, and then updated whenever new path metrics are 

process by the puncture circuit 45. obtained at the modified ACS circuit 63. 

Thus, according to this embodiment, it is possible to Also, in a case of the example described above, the 
provide a method and an apparatus for error correction survivor paths for the states So and Si at the (t— 2)-th 
encoding capable of reducing the redundancy due to stage are read out from the modified path memory 65 to 
the use of the convolutional codes as the error corrcc- 15 the modified ACS circuit 63, in order to make the selec- 
tion codes, compared with the conventional error cor- tion of the maximum hkelihood path. The paths stored 
rection encoding method using the convolutional en- in the modified path memory 65 are updated by the 
coding at the same encoding rate, because there is no modified ACS circuit 63 in such a manner that the re- 
need to terminate the trellis for each class separately in maining bits of each selected survivor path other than 
this embodiment 20 the oldest bit are written into the modified path memory 

Moreover, in this embodiment, very flexible setting 65 along with one bit indicative of the state to which the 

of the encoding rates for different classes of the speech transition has been made. 

signals can be realized by setting the puncture rates for Here, the one bit to be added to the remaining bits of 

the different classes of the speech signals appropriately. the survivor path does not indicate from which one of 

Referring now to FIG. 11, a first embodiment of a 25 the two states the Uansition has been made as in a con- 

Viterbi decoder according to the present mvcntion will ventional Viterbi decoder, so that it is unrelated to the 

be described in detail. selection of the maximum likelihood path. 

A Viterbi decoder of this first embodiment has a This one bit is preferably the bit identical to an input 

configuration as shown in FIG. 11, which comprises: an in an encoder wMch caused each transition at the time 

input terminal 61 for receiving input signals; a branch 30 of the encoding. For example, in this trellis diagram of 

metric calculation circuit 62 for calculating a branch FIG. 4, the transitions to the states So and Si are caused 

metric indicating the likelihood of each branch in the only by the new input of **0" to an encoder so that the 

trellis (the correlation of each branch with the input one bit to be added for the survivor paths maldng the 

signals), for each branch; a modified ACS (Add-Com- transitions to the states Sq and Si is set to be **0", while 

pare-Select) circuit 63 for calculating a path metric 35 the transitions to the states Saand S3 are caiised only by 

which is given by a cumulative total of the branch met- the new input of "1" to an encoder so that the one bit to 

rics in each path, and selecting a survivor path which is be added for the survivor paths making the transitions 

the maximum likelihood path among the paths by which to the states S2 and S3 is set to be "1", 

the transition to each state can be made, for each state. Alternatively, although less preferable, in the exam- 

and outputting an oldest bit of each survivor path se- 40 pie of the trellis diagram of FIG. 4, this one bit may be 

lected; a path metric memory 64 for storing the path the bit identical to a previous input in an encoder of the 

metrics for all of the survivor paths at the previous input which caused each transition at the time of the 

stages to be used by the modified ACS circuit 63; a encoding. For example, in the trellis diagram of FIG. 4, 

modified path memory 65 for storing all of the survivor the transitions to the states So and S2 are caused when 

paths selected by the modified ACS circuit 63 at the 45 there is the previous input of "0" to an encoder before 

previous stage; an output signal generation circuit 66 for the bit which caused the transition so that the one bit to 
determining one bit output signal from the oldest bits of be added for the survivor paths making the transitions 

the survivor paths outputted by the modified ACS cir- to the states So and S2 may be set to be *'0", while the 

cuit 63; and an output termmal 67 for outputting the one transitions to the states S 1 and S3 are caused only when 

bit output signal determined by the output signal gener- 50 there is the previous input of "1" to an encoder before 

ation circuit 66 as a decoded signal. the bit which caused the transition so that the one bit to 

In selecting the survivor path by calculating the path be added for the survivor paths making the transitions 

metric, the modified ACS circuit 63 functions substan- to the states Si and S3 may be set to be "1", 

tially similarly to a conventional ACS circuit For ex- According to this first embodiment of a Viterbi de- 

ample, for the trellis diagram of FIG. 4 described 55 coder, for the signals encoded by an encoder with the 

above, in order to select the maximum likehhood path memory length m, the bit identical to a previous input in 

by which the transition to the state Socan be made at the an encoder up to (m— 1) stages prior to the input which 

(t— l)-th stage, the modified ACS circuit 63 compares a caused each transition at the time of the encoding may 

value obtained by addmg the path metric of the state So be used for the one bit to be added for updating the 

at the (t— 2)-th stage and the branch metric of the 60 survivor path, in order to achieve an advantage with 

branch 101 with a value obtained by adding the path respect to the conventional Viterbi decoder, because 

metric of the state Si at the (t— 2)-th stage and the each state is realized by the definitive entries for m shift 

branch metric of the branch 103, and selects the path registers. 

corresponding to the larger (or smaller) one of these The use of the survivor paths updated in such a man- 
values. 65 ner can be justified by noting the fact that, in a conven- 
When all the survivor paths are merging, all of 2" of tional Viterbi decoder, the one bit to be added for up- 
thc oldest bits of the selected survivor paths are equal to dating the survivor path indicates from which one of 
the same value, and this value can be taken for the one the two states the transition has been made, but such a 
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bit also corresponds to the bit which is discarded from which is ttiemaximum likelihood path among thcpaths 
the shift registers of the encoder at the time of the tran- by which the transition to each«state . can, be made,^for- 
sition as the values stored in the shift registers are also each^^Sat^fimd'outputting an oldest bit 207 of each 
updated at the time of the transition. In other words, the survivor path selected; a path and^path metric mwno^ 
one bit to be added for updating the survivor path in the 5 74 for storing the path metrics 203 For all of the suryi^^ 
conventional Viterbi decoder has been the bit that has vor paths at the previous stage^ to be used by the ACS 
been stored in the last shift register of the encoder prior circuit 73, which is to be updated by new path metrics 
to the occurrence of the transition. That is to say that, in 204 calculated by the ACS 73, and for storing all of the 
the conventional Viterbi decoder, the one bit to be survivor paths 205 selected by the ACS drcuit 73 at the 
added for updating the survivor path has been the oldest 10 previous stage, which is to be updated by new paths 206 
bit which can be considered indicative of the state to selected by the ACS circuit 73; an output signal genera- 
which the transition has been made, because it is the bit tion circuit 75 for determining one bit output signal 208 
identical to a previous input in an encoder up to m from the oldest bits 207 of the survivor paths outputted 
stages prior to the input which caused each transition at by the ACS circuit 73; an output terminal 76 for ou^ut- 
the time of the encoding. However, since the shift regis- 15 ting the one bit output signal 208 d etermine d by the 
ters in the encoder are sequentially updated in the output signal generation circuit 75 as TdecodecfS^^^ 
course of the encoding, so that the new input wiU be and an address control circuit 77 for controlling the 
stored in the last shift register after m stages. In other path and path metric memory 74 by using address sig- 
words, the survivor path updated in the manner of this nals 209. 

first embodiment of a Viterbi decoder is identical to the 20 In selecting the survivor path by calculating the path 
survivor path in the conventional Viterbi decoder dis- metric, the ACS circuit 73 functions substantially simi- 
placed by a predetennined number of stages. Conse- larly to a conventional ACS circuit For example, for 
quently, it is possible in this first embodiment of a the trellis diagram of FIG. 4 described above, in order 
Viterbi decoder to make the selection of the maximum to select the Tnaxininm likelihood path by which the 
likelihood path just as in the conventional Viterbi de- 25 transition to the state So can be made at the (t— l)-th 
coder. stage, the ACS circuit 73 compares a value obtained by 

Now, for this very reason described above, in the adding the path metric of the state So at the (t— 2)-th 
conventional Viterbi decoder, the decoded data has stage and the branch metric of the branch 101 with a 
been delayed by the decoding delay time equal to (trun- value obtained by adding the path metric of the state S\ 
cation length + constraint length— 1) in the conven- 30 at the (t— 2>th stage and the branch metric of the 
tional Viterbi decoder. Thus, in the trellis shown in branch 103, and selects the path corresponding to the 
FIG. 12 which shows the survivor paths alone, the larger (or smaller) one of these values, 
decoding delay time in the conventional Viterbi de- When all the survivor paths are merging, all of 2^ of 
coder is a period between a time to to ti, the oldest bits of the selected survivor paths are equal to 

On the other hand, in this first embodiment of a 35 the same value, and this value can be taken for the one 
Viteibi decoder, when the bit identical to an input in an bit output signal, but in a case all of these 2^" oldest bits 
encoder which caused each transition at the time of the are not identical, a determination of the one bit output 
encoding is used as the one bit for updating the survivor signal is made by using an appropriate determination 
path, the decoding delay time is reduced to a period procedure such as a selection of the majority among 2'" 
between a time to to ti in the trellis shown in FIG. 1, i.e., 40 bits, or a selection of the bit corresponding to the larger 
equal to the truncation length. path metric. 

In other words, according to this first embodiment of The path metrics 203 at the previous stage stored in 
a Viterbi decoder, the decoding delay time can be made the path and path metric memory 74 are read out from 
shorter by up to (truncation length— 1) compared with the path and path metric memory 74 to the ACS circuit 
the conventional Vitert)i decoder. Note here that the 45 73 at each stage, and then updated whenever new path 
decoding error rate is unaffected by this shortening of metrics 204 are obtained at the ACS circuit 73. 
the decoding delay time because the truncation length is Also, in a case of the example described above, the 
a predetermined constant which is unchanged. survivor paths 205 for the states So and S\ at the (t— 2)- 

Thus, according to this first embodiment of a Viterbi th stage are read out from the path and path metric 
decoder, it is possible to provide a meg iod and an appa- 50 memory 74 to the ACS circuit 73, in order to make the 
ratus of Viterbi "decodi^ of the^convolutional^codes selection of the maximum likelihood path. The paths 
capable of reducing the decoding delay time without 205 stored in the path and path metric memory 74 are 
deteriorating the decoding error rate. updated by the ACS circuit 73 in such a manner that the 

Referring now to FIG. 13, a second embodiment of a remaining bits of each selected survivor path other than 
Viterbi decoder according to the present invention will 55 the oldest bit are written into the path and path metric 
be described in detail. memory 74 along with one bit indicative of the transi- 

A Mterbi decoder of this second embodiment has a tion that has been made, 
configuration as sho wn in j lQ. 13, which.comprises: an — Here, the timing for the updating of the path metrics 
input"tenninal'71 for receiving -input-signals -201 -for in the path and path metric memory 74 by the new path 
which either a soft-~decision'or a Hard decision has^een 60 metrics 204 and the timing for the updating of the path 
made;„a branch metric calculation circuit 72 for calcu- in the path and path metric memory 74 by new paths 
lating a branch metric 202 indicatinftHe likelihood of 206 are set to be the same. 

each branch in the trellis (the correlation of each branch In this second embodiment of a Viterbi decoder, the 
with the input signals), for each branch; an ACS (Add- path and path metric memory 74 is constructed by a 
Compare-Select) circuit 73 for calculating a path metric 65 RAM controlled by the address signals 209 outputted 
which is given by a cumulative total of the branch met- by the address control circuit 77. When the memory 
rics 202 in each path calculated^byJthe branch metric length of the convolutional codes used is m, the trunca- 
calculation, circuit 72, and selecting a survivor path tion length in the Viterbi decoder is L (which is usually 
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four to five times the constraint length), and a number (1) Address of the state So of the immediately previ- 

of bits in each path metric is N, the path and path metric ous stage. 

memory 74 has a capacity equal to 2^" wordsX(L+N) (2) Address of the state Si of the immediately previ- 

bits. For example, for the codes using the memory ous stage. 

length m equal to 6 (i.e., the constraint length equal to 5 (3) Address of the state So of the present stage. 

7), setting the truncation length to be four times as long (4) Address of the state Si of the present stage, 

as the constraint length (i.e., equal to 28) and the num- (5) Address of the state S2 of the immediately previ- 

ber of bits in each path metric to be eight, the path and ous stage. 

path metric memory 74 is required to have a capacity of (6) Address of the state S3 of the immediately previ- 
64 wordsX(28+8) bits=2.304 bits. In order to imple- 10 ous stage, 

ment this path and path metric memory 74 in a form of (7) Address of the state Si of the present stage, 
an internal RAM of a single LSI chip, only 12,948 gates (S) Address of the state S3 of the present stage, 
are required, in contrast to the conventional case of Here, however, the address of the state So of the 
using the separate path memory and path metric mem- present stage is set to be the same as the address of the 
ory described above which required 13,634 gates. Thus, state So of the immediately previous stage, the address 
in this second embodiment of a Viterbi decoder, it is ^^^^ ^2 of the present stage is set to be the same 
possible to reduce the circuit size of a memory for stor- ^ ^® address of the state Si of the immediately previ- 
ing the survivor paths and their path metrics in the st^e, the address of the state Si of the present stage 
Viterbi decoder. is set to be the same as the address of the state S2 of the 
An exemplary detail configuration for the path and immediately previous stage, and the address of the state 
path metric memory 74 is shown in FIG. 14, which of the present stage is set to be the same as the ad- 
comprises: an address decoder 78 for decoding m bit ^5 ^^^^ of the immediately previous stage, 
address signals 209 outputted by the address control addition, m this second embodiment of a Viterbi 
circuit 77; a memory cell array 80 for storing 2'" words ^^^oder, the mtemal operation frequency of the Viterbi 
of data, where one word contains (L+N) bit^ an input <^ecoder is 2X2'" tmies the data transmission speed, so 
buffer 79 for inputting the updated path metrics 204 and , ?T ^^^^^ '^^ can be used in the time division 
the updated survivor paths 206 obtained by the ACS ^ulttple access mode, and therefore the circuit size of 
circuit 73 into the memory ceU array 80 at the same ^^^^^j.^^ ^ ^« r^^d. 
tuning; and an output buffer 81 for outputting the path vi^w ^itT^'X ^^''''^ .^bodmient of a 
metrics 203 and the survivor paths 2^ stofed in the v^wk H^^^^^^^^^ P'''^^' ^ 
memory cell array 80 to the ACS circuit 73 at the same .^Hn '^^^^ cirout aze, as a mem- 
jj- ory for storing the survivor paths and their path metncs 

Referring now to the timing chart of HG. IS. the ^ ^ » form of a angle RAM with an ad- 

operation o^fthepathandpathLtn^m«noo^74i;Se tVl^^^^'^^^l^L'^" u^''''" ^^"^ 

-17** 1^- J -J f J i_ J- \ ti t tne patn metncs and the updatmg of the survivor naths 

Viterbi decoder of this second embodiment will be ^yyA *v,^ «f ♦u^ - J " 

described in detafl, for a case of using the convolutional £ ^ 

codes represented by the trellis diagram shown in FIG. R^f^ jg, ^ embodiment of a 

4 descned above. .In this oise, each decodmg sUge communication system for encoding and decoding the 
contamsthefollowmg2(readandwnte)x22(states)=8 40 convolutional codes according to the prese^mVen^^^ 

P^^f^^g^Sumts. , will be described in detafl. 

(1) R^dmg the sm^vor path for makmg the transx- ^he communication system of this first embodiment 
Uon o the state So at the mmiediately previous stage comprises: an input terminal 91 for receiving input data 

.ur V' . ' block signals 301; a switch 92 for producing rearranged 

(2) Rcadmg the survivor path for makmg the transi- 45 encoder input signals 303 from the input data block 
uon to the state Si at the munediately previous stage . signals 301; a delay 93 for delaying first rn bits 302 of the 

/ailJ V • 1^ u . input data block signals 301; a convolutional encoder 94 

(3) Wntmg the survivor path for makmg the transi- f^j applying a convolutional encoding to the rear- 
tion to the state Sq at the present stage and its path ranged encoder input signals 303; a modulator 95 for 

«7 .1- - vr . 50 modulating encoded output signals 304 Obtained by the 

(4) Wntmg the survivor path for makmg the transi- convolutional encoder 94 to be transmitted through a 
tion to the state S2 at the present stage and its path transmission path; a demodulator 96 for demodulating 

A' r , . ^ encoded output signals 304 of the convolutional 

(5) Readmg the survivor path for makmg the transi- encoder 94 modulated by the modulator 95 and trans- 
tion to the state S2 at the immediately previous stage 55 mitted through the transmission path, to obtain received 
^fJi^J^^ . . ^ memory 97 for storing the received signals 

(6) Readmg the survivor path for makmg the transi- 305 and outputting them in an rearranged order ^de- 
tion to the state S3 at the immediately previous stage coder mput signals 306; a Viterbi decoder 98 for dccod- 
and its path, metric. ing the decoder input signals 306 to obtain decoded 

(7) Wnting the survivor path for making the transi- 60 output signals 307; and an output tenninal 99 for output- 
tion to the state Si at the present stage and its path ting the decoded output signals 307 obtained by the 
metric. Viterbi decoder 98. 

(8) Writing the survivor path for making the transi- In this communication system of FIG. 16, on the 
tion to the state S3 at the present stage and its path transmitter side, the input data block signals 301 con- 

... ^ ^^ts of data Gi, I2, • . . , Ik)- The switch 92 is 
In these processing tuning units, the address control initially connected to the input terminal 91 side to trans- 
circuit 77 outputs the following address signals to the mit all the input data block signals 301 to the convolu- 
path and path metric memory 74. tional encoder 94, of which only the first m bits (Ii, Ij, 
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. . . , Im) are also supplied to the delay 93. The delay 93 It is to be noted that in a significant reducing of the 

delays the first m bits 302 of the input data block signal decoding error rate can be achieved even in a case of 

301 until all K bits of the input data block signals 301 are setting j equal to zero in the procedure described above, 

transmitted through the switch 92. After transmitting It is also to be noted that the procedure described 

all K bits of the input data block signals 301, the switch 5 above can be generalized in such a manner that the 

92 is switched to the delay 93 side, such that the first m memory 97 outputs the decoder mput Rign^ lft containing 

bits 302 delayed by the delay 93 are transmitted to the O+N+j) bits arranged in an order of (Ryv-i+JKmorfiV), 

convolutional encoder 94 foUowing the entire input RAr-/+/r+ . . . , Riv-i+>i(m«/ A^; Ra(™/ aq, 

data block signals 301. Consequently, the encoder input ^-t-Hmodj^. ^ ^ • ,KN'i^HmodN^KhinwdN)>Rh^i{mod 
signals 303 contams K+m bits of data (lb I2, . . . , Ii, " ^» - • - » RA+/-l(m«/^)). where i is a positive integer, j 

l2> • . • > Irrdi with the first m bits appearing twice at the is a non-negative mteger, and h is a positive integer, 

begirming and at the end. Referring now to FIG. 17, a second embodiment of a 

As these K+m bits of the encoder input signals 303 communication system for encoding and decoding the 

are entered into the convolutional encoder 94, m of shift convolutional codes according to the present invention 

registers provided in the convolutional encoder 94 are will be described in detail. Here, those elements which 

simply filled by the first m bits of the encoder input are equivalent to the corresponding elements in the first 

signals 303 first without producing an output. Then, as embodiment of a communication system shown in FIG. 

the remaining K bits of the encoder input signals 303 W will be given the same reference numerals in the 

after the m-th bit are entered into the convolutional ^ figure and their descriptions will be omitted, 

encoder 94, the corresponding encoded output signals This second embodiment of a communication system 

304 are outputted from the convolutional encoder 94. differs from the first embodiment of FIG. 16 in that 

Here, the encoded output signals 304 contains N bits of t^^re is provided an interleaver 110 between the convo- 

data (Co, Ci, . . . , Cn-.x)- lutional encoder 94 and the modulator 95, so as to inter- - 

On the receiver side, the received signals 305 contains 25 ^^y^ encoded output signals obtained by the convo- 
N bits of data (Ro, Ri, . . . , R//- 1) corresponding to the lutional encoder 94 before being modulated at the mod- 
N bits of the encoded output signals 304. The memory ^ator 95, and that the memory 97 in the first embodi- 
97 memorizes these N bits of received signals 305, and ^I^- 1^ is replaced by a demterleaver 111 
outputs (i+N+j) bits of the decoder input signals 306 which stores the received signals and outputs the de- 
by rearranging the memorized received signals 305 in 30 ^^^^ ^P^^ signals in a manner similar to the memory 
an order of (Rn-u Ra^-/+i, . . . , rn-i; Ro> Ru . . . , embodiment of FIG. 16 while also dein- 
Kn-x; Ro, Ri, . . . , R/_i) where i and j are predeter- terleaving the received signals, 
mined positive integers of which i is a number of decod- incorporation of these interleaver 110 and 
ing stages necessary for estimating the initial state and j deinterleaver 111, the effects similar to those ob- 
is a truncation length used in the Viterbi decoder 98. 35 Gained by the first embodiment of FIG. 16 can also be 
Thus, in the decoder input signals 806, the N bits of the obtained in this second embodiment of a communica- 
received signals 805 are preceded by the last i bits of the *!°° system. Here, the deinterleaver 111 has a configura- 
received signals 805 and foUowed by the first j bits of substantially similar to that of a conventionally 
the received signals 805. known deinterleaver, so that there is hardly any in- 

The Viterbi decoder 98 makes an estimation of the 40 ^« circuit size in this second embodiment of 
final state by carrying out the decoding of the first i bits 

of the decoder input signals 806. Namely, as the decod- accordmg to this second embodiment of the 

ing of the first i bits of the decoder input signals 806 are commumcation system, it is possible to provide a de- 

carried out, the path metrics for all the possible final convolutional codes having the interleaving 

states can be obtained for these i bits which arc equal to action, which is capable of reducing the decoding 

the last i bits of the received signals 805, such that the ^^^^^^^ ^"^^ encoded by the convolu- 

final state can be estimated as the state having the lare- ^w* • ®f ^ ^ 

est path metric It is to be noted here that, m the first and second 

Then, using tiiese path metrics obtained for the first i , communication system described 

bitsofthedecoderinputsignals806,thedecodingofthe f^''^' ^t'^fS'^f ^^"""^ rate characteristic can be 

remaining bits of the decodTinput signals 806 L car- ^F^'tt^f"^^^. ''"^''"'i^^- ' but because 

ried out, with the initial state set equdiTthe estimated S VSt.^ T i^f^^^^ the amount 

finj state, consequently, Jied^^^^^ t^cSL^^a;^^^^^^^ 

In addition the decoding of Uie first j bits of the por e^ple, for three different settings of i=0, 20, 

received signah 305 are repeated after the enUre re- and 40 for the nmnber of decoding stages necessar^ for 

ceived sip^ 305 are decoded by i^g the path met- estimating the initial state,T3onship betS^ the 

ncs obtained by the decoding of the entire received ^ decoding error rate and E^/T^o in a ca^ of using the 

signals 305, without &ang the mitial state to the esti- convolutional codes with the memory length equate 6 

mated final state, such that the decoding error rate can (ie., the constraint length equal to 7) and theVncoding 

be improved fiorther. rate equal to i are as shown in a graph of FIG. 18! 

Thus, accordmg to this first embodiment of the com- where a case of i=0 corresponds to a conventional 

mumcation system, it is possible to provide a decoder of 65 decoding. As can be seen in FIG. 18, the setting of i=20 

convolutional codes capable of reducing the decoding is quite sufficient for these convolutional codes to 

error rate for the data block encoded by the convolu- achieve the significant improvement in the decoding 

tional encoding. error rate compared with a conventional case. 
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As for J, It IS a truncation length used in the Viterbi initial state estimation circuit 126, where i is a predeter- 

decoder 98, which is usuaUy set equal to four to five mined positive i nteger not greater thanl g. Here thl^ 

times the constraint length for the convolutional codes probability for estimating the initial state correctly can 

with the encoding rate equal to i be increased by usmg the larger value for i, in which 

It is also to be noted that the values of i and j may 5 case the reUability of the decoded data can be im- 

exceed the value of K if desired proved. The path metrics for the survivor paths of aU 

Refemng now to FIG. 19, a first embodiment of a the states calculated by this initial state estimation cir- 

decoding apparatus for decoding the convolutional cuit 126 can represent the likelihoods of these states to 

codes according to the present invention will be dc- be the initial state, so that these path metrics can be 

^ 10 supplied directly to the Viterbi decoder 127 as the initial 

FIG. 19 shows a communication system incorporat- values of the path metrics in the decoding, 

ing the first embodiment of a decoding apparatus, Alternatively, the initial state estimation circuit 126 

which comprises: an input terminal 121 for inputting may be realized as follows. 

input data bit sequences; a convolutional encoder 122 Namely, when the encoded output signals of the 

having the memory length equal to m, for applying the 15 convolutional encoder 122 has N bits, and the received 

convolutional encoding to the input data but sequences signals corresponding to these N bits of the encoded 

to obtain encoded output signals; a modulator 123 for output signals are (Ro, Ri, . . . , Ryv-i), the memory 125 

modulating the encoded output signals obtained by the supplies only a part of the received signals (R/, R/_i 

convolutional encoder 122 which are to be transmitted . , Ri, Ro) in this backward order, where i is a predeter- 

through a transmission path; a demodulator 124 for, 20 mined positive integer. Then, the initial state estimation 

demodulating the encoded output sit yiais modulatedT y circuit 126 calculates the path metric for the survivor 

the modulator 123 and transmitted through the trans- path of each state by tracing the trellis in a backward 

mission path to obtain received signals: a memory 125 direction, starting from the i-th stage toward the 0-th 

for storing the received signals; an initial state estima - stage. Here, the branch metrics are calculated in a man- 

tion circuit 126 for estimating the most likely initial state 25 ner similar to the conventional Viterbi decoder, and the 

in the convolutional encoder 122 according to the re- maximum likelihood path among a pluraUty of paths 

cdved signals stored in the memory 125; a Viterbi de- which merge into each state when the trellis is looked m 

coder 127 for decoding the received signals according the backward direction is selected as the survivor path 

to the mitial state estimated by the initial state estima- for each state. In this calculation, it is preferable to set 

tion cu-cuit 126; and an output terminal 128 for output- 30 the path metrics of aU of the states to be equal to each 

ting decoded output signals obtained by the Viterbi other at the i-th stage. Then, the initial state estimation 

_J^^Q^r 127. circuit 126 outputs the path metrics for all the states at 

In this first embodiment of FIG. 19, the convolutional the 0-th stage after the above described calculation is 

encoder 122 is assumed to have an unknown initial state completed. These path metrics can represent the likeli- 

at the start of the convolutional encoding, as unknown 35 hoods of these states to be the initial state, so that these 

m bit data are aheady pre sent in the m shift repsters of • path metrics can be supplied directiy to the Viterbi 

the convolutional encoder 122 at the beginning for decoder 127 as the initial values of the path metrics in 

instance. the decoding. 

The memory 125 suppHed a part of a whole of the Referring now to FIG. 20, a second embodiment of a 

received signals to the initial state estimation circuit 40 decoding apparatus for decoding the convolutional 

126. Then, for each o f 2^ states realizable in the convo- codes according to the present invention will be de- 

lutional encoder 122, Ihe mitial state estimation circuit scribed in detail. 

126 calculates the likelihood of each state, i.e., a proba- The decoding apparatus of this second embodiment 

bility that each state is the initial state. The estimated comprises: an input terminal 131 for receiving demodu- 

iikelihoods for 2" states are then supplied to the Viterbi 45 lated received signals; a Viterbi decoding unit 132 in- 

^decoskiJJTas the initial values of the patii metrics in eluding M Viterbi decoders 132-1 to 132-M, where M is 

the trellis. a number of states realizable in a convolutional encoder, 

Here, the initial state estimation circuit 126 may be which is equal to 2" when the memory length of the 

realized as follows. convolutional encoder is equal to m, for decoding the 

Namely, in a case similar to the first embodiment of a SO received signals; an output determining circuit 133 for 

communication system shown m FIG. 16 described determining one decoded output among the outputs of 

above, in which the input data bit sequences entered the M Viterbi decoders 132-1 to 132-M in the Viterbi 

mto the convolutional encoder 122 has K bits, and the decoding unit 132; and an output terminal 134 for out- 

convolutional encoder 122 carries out the encoding puttmg the decoded output determined by the output 

after the first m bits of the K bits of the input data bit 55 determining circuit 133. 

sequences filled the m shift registers, and the encoding Here, for the M states (Sa Si, . . , , S^-j) which are 
of the remaining (Kr-m) bits of the K bits of the mput realizable in the convolutional encoder, the Viterbi 
data bit sequences is foUowed by the encoding of the decoders U2-1 to 132-M have the initial states set to be 
first m bits of the K bits of the input data bit sequences, So. Si, ... , Sm~ u respectively. In other words, the first 
where the encoded output signals of the convolutional 60 Viterbi decoder 132-1 decodes the received signals with 
encoder 122 has N bits, and the received signals corre- the initial state fixed to the state So, tiie second Viterbi 
spending to these N bits of the encoded output signals decoder 132-2 decodes the received signals with the 
are. (Ro,. Ri, . . . , Rvv-i), the initial state estimation initial state fixed to the state Si, and so on. 
circuit 126 can be formed fi-om the branch metric calcu- Each of the Viterbi decoders 132-1 to 132-M then 
lation circuit and the ACS circuit of the conventionally 65 supplies the decoded output and its likelihood obtained 
known Viterbi decoder. In this case, it is sufficient for by the decoding of the received signals to the output 
the memory 125 to supply only a part of the received determining circuit 133, which selects the decoded out- 
signals (K/^-i, K^-i-i-h R^-/-f-25 : . . , Riv-i) to the putofoneofthe Viterbi decoders 132-1 to 132-M which 
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has obtained the maximum likelihood among the Viterbi 
decoders 132-1 to 132-M. 

It is to be noted that, in a case the received signals 
have already received an error detection encoding on a 
transmitting side at a time of aicoding, the output deter- 5 
mining circuit 133 may selects the decoded ou^ut sig- 
nals according to the number of errors contained in the 
decoded outputs of the Viterbi decoders 132-1 to JZZ-M 
by applying an error detection decoding to the decoded 
outputs of the Viterbi decoden 132-1 to 132-M, in 10 
which case it is not necessary for the Viterbi decoders 
132-1 to 132-M t o calculate the likelihood and report it 
^to tte output determining drcuit 133. 

Also, in a case the unknown initial state of the convo- 
lutional encoder is known to be equal to the final state, 15 
the initial state and the final state for the trellis used in 
each of the Viterbi decoders 132-1 to 132-M should be 
set to be the same. 

Referring now to FIG. 21, a third embodiment of a 
decoding apparatus for decoding the convolutional 20 
codes according to the present invention will be de- * 
scribed in detail. 

The decoding apparatus of this third embodiment 
comprises: an input terminal 141 for receiving demodu- 
lated received signals; a memory circuit 142 for memo- 25 
rizing the received signals; a Viterbi decoder 143 for 
decoding the received signal^ an initial state control 
circuit 144 for controlling a setting of an initial state for 
the decoding in the Viterbi decoder 143 among all the 
states realizable in an convolutional decoder; an output 30 
determining circuit 145 for determining one decoded 
output among the outputs of the Viterbi decoder 143 
widi different settings of the initial state; and an output 
terminal 146 for outputting the decoded output deter- 
mined by the output determining circuit 133. 35 

Here, for the M states (So, Si, ... , Sm-i) which are 
realizable in the convolutional encoder, the initial state 
control circuit 144 sets the initial state for the decoding 
in the Viterbi decoder to be each one of the M states So, 
Si, . . . S\f- h sequentiaUy, and the Viterbi decoder 143 40 
repeats the decoding of the received signals memorized 
in the memory circuit 142 for M times, with different 
setting of the initial state each time. In other words, the 
Viterbi decoder 143 first decodes the received signals 
with the initial state fixed to the state So, then decodes 45 
the received signals with the initial state fixed to the 
state Si, and so on. 

The Viterbi decoder 143 then supplies the decoded 
output and its likelihood obtained by the decoding of 
the received signals at each setting of the initial state to 50 
the output determining circuit 145, which selects one of 
the dccxHied outputs of the Viterbi decoders 143 corre- 
sponding to the maximum likelihood among the M dif- 
ferent settings of the initial state. 

It is to be noted that, in a case the received signals 55 
have already received an error detection encoding on a 
transmitting side at a time of encoding, the output deter- 
mining circuit 145 may selects the decoded output sig- 
nals according to the number of errors contained in the 
decoded outputs of the Viterbi decoder 143 for different 60 
settings of the initial state, by applying an error detec- 
tion decoding to the decoded outputs of the Viterbi 
decoder 143 for the different settings of the initial state, 
in which case it is not necessary for the \^terbi decoder 
143 to calculate the likelihood and report it to the out- 65 
put determining circuit 145. 

It is also to be noted that it is not always necessary for 
the Viterbi decoder 143 to carry out the decoding of the 
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received signals for ail of the M states realizable in the 
convolutional encoder. For instance, when the decoded 
output is determined at the output determining circuit 
145 for some setting of the initial state as no error has 
been detected for that decoded output by the error 
detecting decoding, the decodings of the received sig- 
nals at the Viterbi decoder 143 for the remaining set- 
tings of the initial state can be cancelled, so as to reduce 
the amount of unnecessary calculations. 

Also, in a case the unknown initial state of the convo- 
lutional encoder is known to be equal to the final state, 
it is necessary to control the ffaial state in the decoding 
of the Viterbi decoder 143 to be the same as the initial 
state set by the initial state control circuit 144, 

It is to be noted that besides those already mentioned 
above, many modifications and variations of the above 
embodiments may be made without departing from the 
novel and advantageous features of the present inven- 
tion. Accordingly, all such modifications and variations 
are intended to be included within the scope of the 
appended claims. 

What is claimed is: 

1. An apparatus for error correction encoding using 
convolutional codes, comprising: 

means for classifying input signals containing a plu- 
rality of bits into a pliiality of classes according to 
an error sensitivity of each bit; 

encoder means for applying a convolutional encoding 
to the input signals classified into said plurality of 
classes, using an identical encoding rate for all the 
classes, to obtain encoded signals; and 

puncture means for carrying out a puncture process 
for puncturing selected bits of the encoded signals, 
using different puncture rates for the encoded sig- 
nals corresponding to different ones of said plural- 
ity of classes, to obtain error correction encoded 
output signals in which different classes of the 

, input signals are encoded at different encoding 
rates according to the error sensitivity of each bit 

2. The apparatus of claim 1, wherein the error correc- 
tion encoded output signals contains bits corresponding 
to the different classes of the input signals in an ascend- 
ing order of the puncture rates used in puncturing the 
encoded signals corresponding to the different classes 
of the input signals. 

3. The apparatus of claim 1, wherein the error correc- 
tion encoded output signals contains bits corresponding 
to the different classes of the inpiit signals in a descend- 
ing order of the puncture rates used in puncturing the 
encoded signals corresponding to the different classes 
of the input signals. 

4. A Viterbi decoder for decoding convolutional 
codes encoded by a convolutional encoder, comprising: 

branch metric calculation means for calculating a 
branch metric for each state at a present stage of 
decoding; 

path metric memory means for memorizing a path 

metric for each state at an immediately previous 

stage of decoding; 
path memory means for memorizing a survivor path 

for each state at the immediately previous stage of 

decoding; 

ACS circuit means for selecting a survivor path for 
each state at the present stage of decodmg, by 
calculating the path metric for each state at the 
present stage of decoding from the branch metric 
calculated by the branch metric calculation means, 
the path metric memorized in the path metric mem- 
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ory means, and the survivor path memorized in the 
path memory means, the ACS circuit means out- 
puts an oldest bit of the selected survivor path for 
each stage at the present stage of decoding, and 
updates the survivor path memorized in the path 
memory by remaining bits of the selected survivor 
path for each state at the present stage of decoding 
other than the oldest bit to be outputted and an 
additional bit indicative of said each state to which 
a transition is made at the present stage of decod- 
ing; and 

output generation means for detennining a decoded 
output according to the oldest bit of the selected 
survivor path for each state at the present stage of 
decoding outputted from the ACS circuit means. 
5. The Viterbi decoder of claim 4, wherein the addi- 
tional bit is an encoder input bit which caused the transi- 
tion to said each state at a time of encoding by the con- 
volutional encoder. 
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remaining (K-m) bits of the data block are fol- 
lowed by the convolutional encoding of the first m 
bits of the data block, to obtain encoded signals 
containing N bits; 
memory means for memorizing the N bits of the en- 
coded signals (Ro, Ri, . . . , Rv, 0, and outputting 
decoder input signals containing (i+N-Hj) bits 
arranged in an order of (RN-i+h{mod /V), 

RA+l(moc/ JV> . . . , RiV-H-ACmorf N); Kk{mod A> 

^k+{{modN)j ^+j-\(moei N))* where i is a positive 
integer, j is a non-negative integer, and h is a non- 
negative integer; and 
a Viterbi decoder for decoding the Q+N+j) bits of 
the decoder mput signals in said order in which the 
decoder input signals are outputted from the mem- 
ory means. 

10. The communication system of claim 9, wherem 
the 0 H- N-hj) bits of the decoder input signals comprises 



6, A Viterbi decoder for decodmg convolutional 20 first i bits corresponding to last i bits of the encoded 

codes encoded by a convolutional encoder, comprising: signals memorized in the memory means, next N bits 

branch metric calculation means for calculating a corresponding to entire N bits of the encoded signals 

branch metric for each state at a present stage of memorized in the memory means, and last j bits corre- 

decoding sponding to first j bits of the encoded signals memorized 

memory means, formed by a single RAM having a 25 in the memory means, 

memory capacity of 2'" words X (L+ N) bits, where 11. The communication system of , claim 10, wherein 

m is a memory length of the convolutional en- the Viterbi decoder obtains a provisional final state by 

coder, L is a truncation length for each survivor decodmg the first i bits of the decoder input signals, and 

path used in the Viterbi decoder, and N is a number then decodes the next N-f j bits of the decoder input 

of bits used for expressing each path metric, for 30 signals by setting the provisional final state as an initial 

memorizing a path metric and a survivor path for state, 

each state at an immediately previous stage of de- 12. The communication system of claim 11, wherein i 

coding together in each word of the memory ca- is a number of stages required in the Viterbi decoder to 

pacity: obtain the provisional final state, and j is a truncation 

ACS circuit means for selecting a survivor path for 35 length for each survivor path used in the Viterbi de- 

each state at the present stage of decoding, by coder. 

calculating the path metric for each state at the 13. The communication system of claim 9, further 

present stage of decodmg from the branch metric comprising an interleaver for interieaving the 'encoded 

calculated by the branch metric calculation means, signals obtained by the convolutional encoder, and 

and the path metric and the survivor path memo- 40 wherein the memory means comprises a deinterleaver 

rized in the memory means, the ACS circuit means for deinterleaving the memorized encoded signals be- 

outputs an oldest bit of the selected survivor path fore outputting the decoder input signals, 

for each stage at the present stage of decoding; and 14. A method of transmitting data block containing K 

output generation means for determining a decoded bits encoded by convolutional codes, comprising the 

output according to the oldest bit of the selected 45 steps of: 
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survivor path for each state at the present stage of 
decoding outputted from the ACS circuit. 

7. The Viterbi decoder of claim 6, wherein each stage 
of decoding includes 2x2"^ processing timing units for 
carrying out a reading of the path metric and the survi- 
vor path for each state at the immediately previous 
stage of decoding memorized in the memory means to 
the ACS circuit means and a writing of the path metric 
and the survivor path for each state at the present stage 
of decoding obtained by the ACS circuit means into the 55 
memory means. 

8. The Viterbi decoder of claim 6, wherein the ACS 
circuit means also updates the path metric and the survi- 
vor path memorized in the memory means simulta- 
neously. 

9. A communication system for transmitting data 
block containing K bits encoded by convolutional 
codes, comprising: 

a convolutional encoder for applying a convolutional 
encoding to the data block, in which the convolu- 
tional encoding starts from a state in which first m 
bits of the data block are entered in the convolu- 
tional encoder, and the convolutional encoding of 
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(a) applying the convolutional encoding to the data 
block, in which the convolutioual encoding starts 
from a state in which first m bits of the data block 
are entered in a convolutional encoder, and the 
convolutional encoding of remaining (K— m) bits 
of the data block are followed by the convolutional 
encoding of the first m bits of the data block, to 
obtain encoded signals containing N bits; 

(b) memorizing the N bits of the encoded signals (Ro, 
Ri, . . , Rat-i), and outputting decoder input sig- 
nals contaming 0+N-f j) bits arranged in an order 

of (^N-i-^h{mod N)> RAr-/+A+I(morf JV), • • . , 
R^-l+A(morf RA(morf AO' RA+l(morf AOj • • • . 
RAr-l+A(morf 'Rhimod N), RA+l(m«f A0» • • - , 
Rfc+y- K^od N))f where i is a positive integer, j is a 
non-negative integer, and h is a positive integer; 
and 

(c) decoding the (i+N-hj) bits of the decoder input 
signals in said order in which the decoder input 
signals are outputted, by a Viterbi decoder, 

15. The method of claim 14, further comprising the 
step of interleaving the encoded signals obtained at the 
step (a), and wherein at the step (b), the memorized 
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encoded signals are deinterleaved before ou^atting the 
decoder input signals. 

16. A method of decoding data encoded by a convo- 
lutional encoder having a memory length equal to m 
and capable of taking 2^" states comprising the steps of: ^ 

(a) memorizmg the data; 

(b) calculating a likelihood for each of the 2^" states of 
the convolutional encoder to be an initial state, 
from at least a part of the data memorized at the iq 
step (a); and 

(c) decoding the data memorized at the step (a) by 
using the likelihood for each state to be the initial 
state calculated at the step (b), by a Viterbi de- 
coder. 15 

17. The method of claim 16, wherein the step (b) 
further comprises the steps of: 

(bl) calculating a branch metric for each state with 
respect to each of last i bits of the data memorized 
at the step (a), where i is a positive integer; and 

(b2) calculating the path metric for each state with 
respect to each of the last i bits of the data memo- 
rized at the step (a), from the branch metric calcu- 
lated at the step (bl), and outputting the path met- 25 
ric calculated for each state with respect to a last 
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bit of the last i bits of the data memorized at the 
step (a) as the likelihood. 

18. An ^paratus for decoding data encoded by a 
convolutional encoder capable of taking M states; com- 
prising: 

Viterbi decoding means for decoding the data more 
than once with more than one different settings of 
an nutial state of a trellis to be a different one of the 
M states of the convolutional encoder, to obtain a 
plurality off decoded outputs; and 

output determining means for selecting one of said 
plurality of decoded outputs of the Viterbi decod- 
ing unit. 

19. The apparatus of claim 18, wherein the \^terbi 
decoding means mcludes M Viterbi decoders, each of 
which has the initial state of the trellis set to be one of 
the M states different from the initial states used in other 
ones of the M Viterbi decoder. 

20. The apparatus of claim 18, wherein the Viterbi 
decoding means includes: 

control means for setting an initial state of the trellis 
to be each of the M states sequentially; and 

a Viterbi decoder for decoding the data, for each 
setting of the initial state of the trellis set by the 
control means. 

* * * * » 
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